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T .AMTNATED TYPE SEMICON DT TCTOR CERAMIC 
FT FMENT AND PR OPT JCTION METHOD FOR THE 
T AMTNATEP TYPE SEMTCONDI ICTQR CER AMTC ELEMENT 

This is a division of application Serial No. 09/635,818, filed August 9, 2000, 
which is hereby incorporated herein by reference. 

RACK GROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a laminated type semiconductor ceramic elemei 
in particular, to a laminated type semiconductor ceramic element having positive temperature- 
resistance characteristics, and to a production method therefor. 



2. Description of the Related Art 

It is known conventionally that barium titanate has superior positive temperature- 
resistance characteristics (hereinafter referred to as the PTC characteristics) with a small specific 
resistance at ordinary temperatures, and a drastic rise in resistance value at temperatures above 
the Curie point. Semiconductor ceramic elements containing the barium titanate as the main 
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component are widely applied for demagnetization of cathode ray tubes, temperature control, 
overcurrent protection, heaters, and the like. 

However, for the semiconductor ceramic elements to be used for these 
applications, a lower resistance at room temperature, a smaller size of the elements, and a higher 
pressure resistance have been seriously in demand. Japanese Unexamined Application Patent 
Publication No. 57-60802 discloses a laminated type semiconductor ceramic electronic part to 
meet the demand. The laminated type semiconductor ceramic part is produced by laminating 
semiconductor ceramic layers containing barium titanate as the main component, and internal 
electrode layers made from a Pt-Pd alloy alternately, and baking the same integrally. According 
to the laminated structure, the electrode area of the semiconductor ceramic electronic part can be 
drastically enlarged, and thus a small size of the electronic part itself can be achieved. However, 
there is a problem in that the room temperature resistance value rises in the case in which the 
internal electrodes are used because ohmic contact with the semiconductor ceramic cannot be 
realized. 

Japanese Unexamined Patent Application Publication No. 6-151103 discloses a 
laminated type semiconductor ceramic electronic par. using an Ni-based metal as the internal 
electrode material enabling the ohmic contact with the semiconductor ceramic. Since an internal 
electrode material using an Ni-based metal is oxidized in an ordinary atmosphere, i, is necessary 
,„ conduct a re-oxidizing process a, a temperature so as no, to oxidize the Ni-based metal after 
the baking operation in a reducing atmosphere. Since the ohmic contact of rhe semiconductor 
ceramic and the internal electrode can be obtained, the room temperature resistance value rise 
can be prevented. 
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However, although the conventional laminated type semiconductor ceramic 
element has superior values in PTC characteristics and the room temperature resistance value, it 
is not used in practice due to a low withstand voltage. 



STTMMARY OF THF. INVENTION 

Accordingly, an object of the present invention is to provide a laminated type 
semiconductor ceramic element with good PTC characteristics, a low room temperature 
resistance value and an improved withstand voltage of 15V or higher, and a production method 
therefor. 

In order to achieve the object, a first aspect of the prevent invention is a laminated 
type semiconductor ceramic element comprising semiconductor ceramic layers made from a 
semiconductor ceramic containing barium titanate as the main component and internal electrode 
layers superimposed alternately, and an external electrode formed so as to be connected 
electrically with the internal electrode layers, wherein the semiconductor ceramic contains the 
element nickel at about 0.2 mol% or less (excluding 0 mol%). 

While maintaining the room temperature resistance value at the conventional 
semiconductor ceramic element level, the PTC characteristics and the withstand voltage can be 
improved. 

Moreover, in a second aspect of the laminated type semiconductor ceramic 
element according to the present invention, it is preferable that the semiconductor ceramic 
contain the element boron at about 0.2 to 20 mol%. 
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Since the element boron is contained in the semiconductor ceramic, the room 

temperature resistance value can be lowered. 

Furthermore, a third aspect of the present invention is a production method for a 
laminated type semiconductor ceramic element comprising the steps of (1) obtaining a laminated 
product of semiconductor material layers containing a barium titanate as the main component 
and about 0.2 mol% or less (excluding 0 mol%) of the element nickel, and possibly boron, and 
internal electrode layers, (2) obtaining a laminated sintered compact by reduction baking of the 
laminated product, (3) forming an external electrode electrically connected with the internal 
electrodes of the laminated sintered compact, and (4) re-oxidization processing of the laminated 
sintered compact. 

According to the production method, a semiconductor ceramic element having a 
low room temperature resistance value and superior PTC characteristics with an improved 
withstand voltage can be produced. 

BRTFF DESCP TPTTON OF T HE DRAWING 

FIG. 1 is a schematic cross-sectional view of a laminated type semiconductor 
ceramic element according to the present invention. 

DESCRIPTION OF THE PREFERRED E MBODIMENTS 

A laminated type semiconductor ceramic element according to the present 
invention comprises layers of a semiconductor ceramic containing barium titanate as the main 
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component and the element nickel and the element boron, and internal electrode layers laminated 
alternately, with an external electrode formed thereon. 

The barium titanate contained in the semiconductor ceramic as the main 
component may contain other subcomponents. For example, some of the Ba may be substituted 
by Ca, Sr, Pb or the like as necessary, or some of the Ti may be substituted by Sn, Zr or the like. 
Moreover, examples of a semiconductor agent contained in the semiconductor ceramic include 
rare metal elements such as La, Y, Sm, Ce, Dy and Gd, and transitional elements such as Nb, Ta, 
Bi, Sb and W. Furthermore, an oxide of Si, Mn or the like, or a compound thereof may be added 
as needed. 

Moreover, the ratio of Ba and Ti in the barium titanate is not particularly limited 
to 1:1, but may deviate slightly from the stoichiometric ratio. 

The element nickel in the semiconductor ceramic is contained at about 0.2 mol% 
or less (excluding 0 mol%) in the form of nickel oxide. Moreover, the amount of nickel added is 
further preferably about 0.001 to 0.2 mol% so as to provide remarkable effects. The content of 
the element nickel here denotes the amount of the element nickel with respect to the titanate site 
of the barium titanate in the semiconductor ceramic. 

The element boron in the semiconductor ceramic is contained at about 0.2 to 20 
mol% in the form of boron oxide. The content of the element boron here denotes the amount of 
the element boron with respect to the titanate site of the barium titanate in the semiconductor 
ceramic. In the case in which the element boron is contained in the semiconductor ceramic, it is 
necessary to produce a liquid phase with a composition ratio AB3Q5 (A: Ba site element, B: 
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boron, O: oxygen), and to add the element at the Ba site additionally by 1/3 mol with respect to 
the element boron to improve sintering properties. 

The internal electrode layers are not particularly limited as to the composition 
thereof, but in view of the need for co-sintering with the semiconductor ceramic, and the need for 
the ohmic contact with the semiconductor ceramic, those made from nickel or those containing 
nickel as the main component are preferable. 

The external electrode is not particularly limited as to the composition thereof. 
Specific examples thereof include silver, silver-palladium alloy, nickel and copper. 

Moreover, a production method of a laminated type semiconductor ceramic 
element according to the present invention is for baking a laminated product comprising 
semiconductor material layers containing barium titanate as the main component and a nickel 
element (and possibly boron) added therein, and internal electrode layers in a reducing 
atmosphere, and forming an external electrode on the laminated sintered compact obtained by the 

re-oxidization process. 

The laminated product is baked in the reducing atmosphere to prevent oxidization 

of the internal electrode layers. Examples of the reducing atmosphere include an H2/N2 
atmosphere. The baking temperature and the baking time are not particularly limited, but are 

preferable 900 to 1,300°C for 0.5 to 5 hours. 

The re-oxidization process is to realize the PTC characteristics. Since it should be 
executed at a temperature so as not to oxidize the internal electrodes, the temperature is 
preferably about 500 to 900°C. The re-oxidization process can be executed simultaneously with 
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the baking process of the external electrode, or the external electrode can be formed and baked 
after the re-oxidization process. 

Examples 

Hereinafter, a production method for a laminated type semiconductor ceramic 
element according to the present invention will be explained. FIG. 1 is a schematic cross- 
sectional view of a laminated type semiconductor ceramic element according to the present 
invention. 

Example 1 

As starting materials, BaC03, CaC03, Ti02, Sm203, and NiO were prepared, 
measured and mixed so as to have the following composition. 
(Ba0.798Ca0.200Sm0.002)1.005TiO3 + xNiO 

By wet mixing of the obtained powders using a zirconia ball mill for 5 hours, a 
mixture was obtained. After calcinating the mixture at 1,100'C for 2 hours so as to obtain a 
calcinated product, the calcinated product was mixed with an organic binder for forming a sheet 
so as to obtain a ceramic green sheet (semiconductor material layer). Then, an Ni paste was 
printed on the ceramic green sheet so as to obtain an internal electrode layer. These materials 
were laminated and pressed so as to provide a laminated product. 

By reduction baking of the obtained laminated product in an H2/N2 atmosphere at 
1,300°C for 2 hours, a laminated sintered compact was obtained. Ag was baked on the surface of 
the laminated sintered compact having exposed internal electrodes at 800°C as an external 
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electrode, and the re-oxidization process was executed so as to obtain a laminated type 
semiconductor ceramic element 1 with an external electrode 9 formed on a laminated sintered 
compact 3 having semiconductor ceramic layers 5 and internal electrode layers 7 laminated 

alternately as shown in FIG. 1. 

With the nickel content of the above-mentioned obtained semiconductor ceramic 
element altered, the room temperature resistance, the resistance change range and the withstand 
voltage thereof were measured. The room temperature resistance was measured by the four 
terminal method using a digital volt meter. The resistance change range was calculated by 
dividing the maximum resistance value by the minimum resistance value at room temperature to 
250°C, and finding the common logarithm thereof. The withstand voltage is the maximum 
applied voltage value immediately before the element failed. These results are shown in Table 1 . 
Specimen number 7 in the table indicates outside the range of the present invention. 



Table 1 




Specimen 
number 


Amount of the 
element Ni 

X 


Resistance 
change range 


Room temperature 
resistance value 
«2) 


Withstand 
voltage 
(V) 


1 


0.00001 


3.0 


0.51 


14 


2 


0.00003 


3.2 


0.52 


17 


3 


0.00010 


3.3 


0.53 


20 


4 


0.00030 


3.4 


0.55 


23 


5 


0.00100 


3.4 


0.58 


26 


6 


0.00200 


3.4 


0.62 


26 


7* 


0.00300 


3.1 


1.20 


35 


Comparative 
example 


0.00000 


2.8 


0.50 


13 



* Specimen number 7 is outside the range of the present invention. 

As shown in Table 1, it was learned that the laminated type semiconductor 
ceramic elements according to the present invention have improved withstand voltage while 
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maintaining excellent PTC characteristics and room temperature resistance value at the 
conventional laminated type semiconductor ceramic element level. 

Example 2 

As starting materials, BaC03, Ti02, Sm203, NiO and BN were prepared, 
measured and mixed so as to have the following composition. 

(Ba0.998Sm0.002)TiO3 + xNiO + yBN + l/3yBAC03 

By wet mixing of the obtained powders using a zirconia ball mill for 5 hours, a 
mixture was obtained. After calcinating the mixture at 1,000'C for 2 hours so as to obtain a 
calcinated product, the calcinated product was mixed with an organic binder to form a sheet so as 
to obtain a ceramic green sheet (semiconductor material layer). Then, an Ni paste was printed on 
the ceramic green sheet so as to obtain an internal electrode layer. These materials were 
laminated and pressed so as to provide a laminated product. 

By reduction baking of the obtained laminated product in an H2/N2 atmosphere at 
1,000°C for 2 hours, a laminated sintered compact was obtained. Ag was baked on the surface of 
the laminated sintered compact with the exposed internal electrodes at 800°C as an external 
electrode, and a re-oxidization process was executed so as to obtain a laminated type 
semiconductor ceramic element 1 with an external electrode 9 formed on a laminated sintered 
compact 3 having semiconductor ceramic layers 5 and internal electrode layers 7 laminated 

alternately as shown in FIG. 1. 

With the nickel content of the above-mentioned obtained semiconductor ceramic 
element changed, the room temperature resistance, the resistance change range, and the 
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withstand voltage thereof were measured as in the example 1. These results are shown in Table 
2. Specimen number 17 in the table indicates outside the range of the present invention, and 
indicates those specimen numbers 18 and 23 are outside the range of the second aspect. 



Table 2 






Specimen 
number 


Amount of the 
element Ni 

X 


Amount of the 
element B 
Y 


Resistance 
change range 

3.3 


Room 

iciiijjci aim t 
rpQi stance value 

(Q) 
0.17 


Withstand 
voltage 
(V) 

13 


1 1 

I 12 


0.00001 
0.00003 


0.06 
0.06 


3.5 


0.18 


15 


13 


0.00010 


0.06 


3.6 


A 1 Q 


16 


14 


0.00030 


0.06 


3.6 




16 


15 


0.00100 


0.06 


3.4 


0.20 


17 


16 


0.00200 


0.06 


3.3 


0.25 


17 


*17 


0.00300 


0.06 


3.0 


0.53 


18 


*18 


0.00010 


0.001 


3.0 


3.50 


25 


19 


0.00010 


0.002 


3.2 


0.41 


15 


20 


0.00010 


0.01 


3.6 


0.20 


16 


21 


0.00010 


0.10 


3.6 


0.18 


16 


22 


0.00010 


0.20 


3.5 


J 0.32 


17 






Table 2 


- Cont'd 






Specimen 
number 


Amount of the 
element Ni 

X 


Amount of the 
element B 

y 


Resistance 
change range 


Room 
temperature 
resistance value 
(fl) 


Withstand 
voltage 
(V) 


*23 


0.00010 


0.25 


2.9 


1.50 


1 18 


Comparative 
example 


0.00000 


0.06 


2.9 


0.17 


10 



* Specimen number 17 is outside the range of the present invention, and 
Specimens 18 and 23 are outside the range of the second aspect. 

As shown in Table 2, it was learned that the room temperature resistance value 
can be lowered in addition to improvement in the PTC characteristics and the withstand voltage 
by including the element boron in the semiconductor ceramic. 
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The reason for the limitation of the element nickel and the element boron in the 
semiconductor ceramic in the first to third aspects will be explained. 

The element nickel content is limited to about 0.2 mol% or less in the first to third 
aspects because the room temperature resistance value is drastically increased in the case in 
which the element nickel content is more than about 0.2 mol%, as in the specimen numbers 7 
and 17, and thus this is not preferable. 

Moreover, the element boron content is limited to about 0.2 to 20 mol% in the 
second aspect because the sintering property cannot be improved as much as the resistance is 
increased in the case in which the element boron content is less than about 0.2 mol% as in the 
specimen No. 18, and thus this is not preferable. In contrast, the liquid phase amount is too large 
so that the resistance is high in the case in which the element boron content is more than about 
20 mol% as in the specimen No. 23, and thus this is not preferable. 

Since a laminated type semiconductor ceramic according to the present invention 
is a laminated type semiconductor ceramic element comprising semiconductor ceramic layers 
made from a semiconductor ceramic containing barium titanate as the main component and 
internal electrode layers superimposed alternately, and an external electrode formed so as to be 
connected electrically with the internal electrode layers, wherein the semiconductor ceramic 
contains the element nickel at about 0.2 mol% or less (excluding 0 mol%), the PTC 
characteristics and the withstand voltage can be improved to 15V or more while maintaining the 
room temperature resistance value at the conventional semiconductor ceramic element level. 

Moreover, since the element boron is contained at about 0.2 to 20 mol% in the 
semiconductor ceramic, the room temperature resistance value can be lowered. 
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ceramic 



Furthermore, since a production method for a laminated type semiconductor 
element according to the present invention comprises the steps of (1) obtaining a 
laminated product of semiconductor material layers containing a barium titanate as the main 
component and about 0.2 mol% or less (excluding 0 mol%) of the element nickel, and possibly 
boron, and internal electrode layers, (2) obtaining a laminated sintered compact by reduction 
baking of the laminated product, (3) forming an external electrode electrically connected with the 
internal electrodes of the laminated sintered compact, and (4) re-oxidization processing of the 
laminated sintered compact, a semiconductor ceramic element having a low room temperature 
resistance value and superior PTC characteristics with an improved withstand voltage can be 
produced. 
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